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EFFECT OF THE NACA HMECTIOil IMPELLER 01! TU3 MIXTURE 

DISTRIBUTION OF A DOUBLE-ROW RADIAL AIRCRAFT EUGHJE 

By Frank E. Marble, William K. Bitter 
and Kahlon A. liillur 

SUMMARY 

Tl-.e !!ACA injection i*p#ller van developed tc Improve tho nix- 
turo distribution of aircraft engines by discharging the fuel from 
a centrifugal supercharger inpeller, thus promoting a thorough 
alxinij of fuel end chargo air. Tea to with a double-row radial 
aircraft engine indicated that for the nomal rnr.go of engine power 
tho KACA injection inpeller provided narked improvement in mixture 
distribution over the standard arsray-bar injection systea used in 
the sane engine. Tho mixture distribution at cruising conditiono 
vac cxcollent; at 1200, 1500, and 17">0 brake horsepower, the differ- 
ences betwoer. tho fuel-air ratios of the richest and the leanest 
cylinders ware reduced to approximately one--third their former 
values. Tho rjaximua cylinder temperatures were reduced about 30° F 
and the temperature distribution was improved by approximately the 
degree expected from the improvement in mixture distribution. 
Because tho mixture distribution cS  the engino tested improves 
slightly at engine powers exceeding 1500 brake horsep:wer and bocauso 
the effectiveness of tho particular impeller diminished slightly at 
high rates of fuel flow, tho improvement in mixture distribution at 
rated power and rich mixtures wa3 less than that for other conditions. 

Thu difference between tho fuol-air ratios of the richost and 
tho leanest cylinders of tho oiigino using tho standard s.-ray bar was 
EO great that tho fuel-a'r ratios of sovoral cylinders woro well 
bolow tho chemically correct mixture, whereas other cylinders were 
operating au. rich mixtures. Consequently, enrichment to improve 
engine coeling actually increased aonr of tlra critical toapcraturca. 
The uniform mixture distribution provided by the injoction iapollor 
restored the normal response f cylinder temperaturos to mixture 
enrictosnt. 
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The hazard of engine backfiring vaa reduced because the volume 
of combustible charge in the intake system was decreased and because 
excessively loan cylinders were eliminated through improvement in 
the mixture distribution. For the engino tested, no serious loss in 
supercharger pressure rlso resulted from the injection of fuel near 
the impeller outlet instead of from the carburetor spray bar. The 
injoctlon of fuel near the impeller outlet does, however, reduce the 
possibility of carburetor icing. The injection impeller furnishes 
a convenient means of adding water to the charge mixture for inter- 
nal cooling. 

INTRODUCTION 

The variation of temperature between cylinders and the improper 
operation of individual cylinders due to nonuniform mixture distri- 
bution contribute greatly to engine-cooling and operational problems. 
Adequate cooling for the hottest cylinders imposes a serious restric- 
tion on airplane performance, whereas overheating duo to inadequate 
cooling leads to engine failure. Poor mixture distribution among 
the cylinders definitely limits the possibility for economical loan 
operation because of faulty firing or overheating of the leanest 
cylinders. The problem of mixture distribution therefore has general 
importance especially for engine installations of high-porformanco, 
long-rangd aircraft. 

Centrifugal and gravitational separation of fuel droplets from 
the air us well its coarsu, nonuniform injection of fuul into the 
combustion-air stream contributes to the variation in fuel-air ratio 
nmong cylinders.  Consuquontly, unless coarse fuel droplets at tho 
impeller entrance are eliminated, fuol-injection upstream of tho 
impeller or of any passage distortion should offer only meager possi- 
bilities for improving tho mixture distribution over more than a 
limited ran^e of engine conditions. A basic improvement in mixture 
distribution should be possible through injecting the fuel at a 
point where the fuel droplets are least subject to separation from 
the combustion air and by practically eliminating the largo droplets 
usually present in the chargo-air stream. 

The NACA injection impeller was developed to avoid tho causes 
of nonuniform mixture distribution by injecting fuel near the 
impeller outlet, where the elbow and tho carburetor disturbances 
are minimized and where tho hi(jh velocity and tho turbulent condl,- . 
tionn may be utilized to minimize tho efl'oct of gravitational forces 
and to provide thorough mixing and fuel evaporation. During tho 
period in which tho NACA injoctor impollor was developed, neither of 
the two manufacturers of 19-cylindtir radial engines vr.« idle in 
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research on spinner-injection Impellers. Tho present report 
discusses the theory and the design of tho KACA injoction impeller 
and presents results of performance teots of a double-row radial 
air-oooled englno equipped with the injection impeller. 

THE IIACA INJECTION IMPELLER 

Tho NACA injection impeller is o. omtrifugal impeller modified 
to act a3 a fuel distributer ao well as a superclinrger. Tuol pas- 
sages discharge fi"°n a centrally located supply chamber into tho 
air pa33r.gco at a point sufficiently near the impeller tip to avoid 
fuel impingement on the stationary inroad. The centrifugal force 
with which tho fuol ia discharged is much creator than tho gravita- 
tional forces and consequently a unifora peripheral fuel discharge 
fror: tho irapoller cay be attainud. 

The IIACA injoction impeller shown in figure 1 was desicned for 
direct application to mi engine with a minimum alteration of parts. 
Hie Motored fuol is fed from the carburetor to a stationary nozzle 
ring, instead of passing to the conventional spray bar located Just 
down3irear.i of the carburetor, r.nd is doliverud from the nozzle ring 
into r. collector cup that rot»t«« with the impeller. A l/32-lnch 
air gap was provided, between 'ohc nozzle ring and tho cillcctor cup 
to eliminato surgins in tho fuel systea. Th-> fuol, vh ch is thrown 
to tho surface of tho collector by tho rotating fuol inducor, flows 
by contri.fugal action through the collector cup and tho inpollcr 
transfer papstiges to tho fuol-di3tr1bution annulus. The rotating 
colloctor cup and tho fjcl-di3tribntion annuluc sorvc as equaliza- 
tion chanbors ."or correcting Gnynnetrical distribution of the fuel 
entering tho impeller.  (This coar.s of trar.3f0rr.ing fuol from the 
carburetor to tho impeller would be neither nececeary nor dcsirablo 
for installations permitting fuel to be fed directly to a distri- 
bution annulus on tho web side of the impeller.) From the fuol- 
distr.Vbutior. annulu3, tho fuel is thrown through the radial holes 
into the air stream of the impeller passages. Tho 11 radial fuel- 
Injoctlon passages of l/l6-inch d-'ame.tor are drilled through the 
web of the impeller and enter alternate air passages at a point 
whero the fuel will be struck and disporsed by tho advancing 
impeller blado. 

In order to ostablish the safety of tho injection iapcl.lor, 
preliminary spj.n tests wero conducted in which deformation was meas- 
ured over a rango of speeds. Tho permanent extension of tho diam- 
eter was 0.010 inch at 200 percent of nt«l speed and increased 
rapidly with increasing speed. Inasmuch as the impeller failod at 
235 percqnt of rated 3pccd, it is ctrusturally safe for normal 
engine operation. 
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APPAKATUS AIID TE3TS 

Tlw tatt. of tho NACA injootion impeller were made *«fc •? 
ie-cylindor radial aircraft er-Gino installed in a toot coll (fl«.2) 
and fitted with a flight cowlinc and induction «£••• xho extent 
of tho Instrumentation and tho tests '.ran reduced to tha. ^i1"*1 

?cr indicating the ermine performance with the injection taptllar. 

Test ennine and lnatwsiantatlcR,. - Tho engine used for tte t«tl 
was an-16^^eITd^bTe-^ow-vad?al., air-cooled aircraft «•*"• 
v^th a normal ratins of 2000 brake horsepower at 2400 rpm and a take- 
off rating of 2200 brake horsepower at 2600 n». Th. .ngift* h*« a 
sin-le-otace, rear-driven supercharCer with a gear ratio of 6.06.1. 
An £ecS/-typo carbureter was used for the tests  Ingin. power 
vas absorbed by a 16-foot, 7-inch-diameter, four-bladed constant- 
o-eed ^ro^eller and was measured by moans of a toryseneter. A °j£ 
cicnferential baffle plate was Installed in the test coll to eliminate 
ooSSSl* around the propellar tips. Cooling air was ^ *oroa. 
the enGino by a controllable suction system and combustion a.r was 
sullied by a centrifugal blower throuch an air-temperinc unit ref- 
lated to Give a carburetor-dock temperature of 100 F. 

In order to deteruino tho fuol-air ratio at which each cylinder 
vas operating, exhaust-cas cables were taken frco each exhaust port, 
massed throuch an 13-tube oxidizing furnace, and analyzed *«<«*«» 
dicxide content. The wtbod of determining the fuel-air ratio from 
o-idizod samples is described in reference 1. Sampling tubes, tho 
intake end. of which wore flattened to form a 0.01-inch slot opening, 
were located at the outlet of each exhaust port.  (See fig. 3.) No 
air contamination that might arise from leakage in tho manifold sys- 
tem was observed in tho exhaust-ras samples. 

Cylinder-head temperatures were measured by iron-conztantan 
theraooouuloa located in the relieving positions on each cylinder 
(see fig- 5): rear spark-plufi aao-et, rear .park-plug boss, exhaust - 
valve scat. Standard Army-typo thermocouples wore used at the roar 
snark-^luG-Gasket location and specially built thermocouples, 
imbodded as shewn in fiGuro 3, were UBed in tho othor positions. 
Tho cooling-air tesrwraturo was neacurod by three iron-cons.antan 
thermocouples located at the cowling inlot, and tho carburetor-deck 
tenrocraturo was chocked by two thermocouples located on the screen 
upstream of the carb'irotor. All temperatures wore recorded on solf- 
balancinG potentiometers. 

CoolinG-air pressures (fig. 4) wore moasured at five points of 
baffle inlet to each cylinder and at two points bohind tne curl of 
tho baffle outlet and at one point above tho top head bafflo of each 
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roar-row cyllndor. The total-pressure tubes at the baffle Inlet 
ware located midway betwoon the baffle and the fin tips and far 
enough bohind tho inlet radius to avoid the effect of local air-flow 
separation from tho bafflo. Tho absolute manifold pressure, tho 
carburetor-dock pressure, tho carburotor metering prossurea, and tho 
proaaure drop across the carburetor wero measured by raorcury manom- 
eters. 

Te3t procedure. - In order to evaluate the performance of the 
NACA infection impeller, the mixture distributions of the test 
engine using the normal spray bar and using the injection impeller 
were compared at four entUno powers and speed3. The following 
operating conditions were aelocted: 

Porcentago Bra Ke Engine speod Carburotor 
rated i>owor horsepower 1  (I'Pa) settIng 

86 1200 2000 Automatic lean 
75 150C 2200 Automatic rich 
9f> 1700 2300 Do. 

100 2000 2400 Do. 

For each test of tho engine using the standard ai>ray bar, the 
cooling-air pressure drop was adjuatod to give a temperature of 
450° F on tho hottest roar spark-plug ;jaskot. The corresponding 
tests of the engine usin^ impeller injo-tion woro conductod at tho 
same valuos of cooling-air pressure drop und fuel flow. Tho fuol- 
air ratio of each cylinder, aa woll as complete cyllndor- 
temporaturu and ongino data, was obtained using both the spray bar 
and tho impellor injoctlon syotoma. 

In order to obsorvo tho offoct of ovor-ali fuol-alr ratio on 
tho operation of ths injoction impoll :r, tests with raducod fuel 
flows were conducted at 1500, 1700, aui 2000 brake horsepower. The 
same resp^tive values of cooling-air pressure drops were used in 
these tests as were used in the tosto with automatic carburetor 
settings. In each caae tho fuel flow was reduced the amount per- 
mitted by the limiting rear spark-plug-gasket temperature of 450° F. 

RESULTS AND DISCUSSION 

Mixture-distribution surveys of the test engine using the 
spray-bar injection system (fig. 5) exhibited wido variations in 
fuel-air ratio among cylinders for the four oporntlng conditions. 
Large differences between the fuel-uir ratios of the richest and 
the leanest cylinders aro apparently present at all operating 
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conditions, although a definite Improvement In mixture distribution 
was apparent at high powers and ongine speeds. In all cases these 
differences are of sufficient magnitude to be a source of unsatis- 
factory engine operation and cooling. 

Effect of NACA Injection Impeller on mixture distribution. - 
The mixture distributions of the engine using the standard spray bar 
and the injection impeller are compared at the same operating con- 
ditions in figure 6. The fuel-air rutlos of the richest and the 
leanest cylinders and the value3 of the fuel-air-rutio spread are 
prusented in the following table: 

Brake 
horsepower 

12D0 1500 1700 2000 

Mothod of 
fuel 
injection 

Stand- 
ard 
spray 
bar 

Injec- 
tion 
impel- 
ler 

Stand-llnjec- 
ard   i.ion 
spray Iiropel- 
bar  |ler 

Stand- 
ard 
spray 
bar 

lu.le.- 
L Ion 
Inpol- 
lor 

Stand- 
ard 
a pray 
- r 

Injec- 
tion 
licpel- 

Maximum 0.079 0.07C 0.102 roT.os'e i 
Minimum .061 .070 .07G .088 
Spread .018 ,_ .006 .02P. .010 

Fuel-air r-itio  
io',103" 

.085 

.013 

O.OM |0.109 0.110 
09f. .098 
014  .012 

.092 I ,r 
,00'j_[ ,C 

A marked reduction in mixture spread la shown at 1200, 1500, and 
1700 brake horsepower, which Indicates that the operation of the 
HACA Injection impeller Is entirely satisfactory for these condi- 
tions. At 2000 brake horsepower, however, the improvement is less 
noticeable, apparently because the mixture distribution using the 
standard spray bar Is much better at this power than at the lower 
powers and because the injection Impeller does not operate so sat- 
isfactorily at this condition aj at the lower fuel flows. 

The 'nixture distribution at rodu^ed fuel flows are shown In 
figure 7 for 1500, 1700, and 2000 brako horsepower rind are compared 
with the mixture distribution obtained whun using a spray-bar at 
rich mixtures for the corresponding engine conditions. The numer- 
ical comparison is givan In the following table: 
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Brake 
horsepower 1500 1700 2000 

Method of 
fuel 
Injection 

Stand- 
ard 
epray 
bar 

Injec- 
tion 
impel- 
ler 

Stand- 
ard 
spray 
bar 

Injec- 
tion 
Impel- 
ler 

Stand- 
ard 
spray 
bar 

Injec- 
tion 
Impel- 
ler 

Fuel-air ratio 

Maximum 0.102 0.077 0.103 0.094 0.109 0.090 
Minimum .076 .071 .085 .083 .095 .064 
Spread .026 .ooe .01* .011 .014 .006 

The variations In mixture dietrlbution when uelng the Injection 
Impeller and reduced fuel flow are conelderably emaller for 1500 
and 2000 brake horsepower than were the variations with high fuel 
flows, but slightly greater for 1700 brake horsepower. These data 
Indicate that the ability of the Injection Impeller to overcome the 
effecte of gravitational and centrifugal fuel eeparation Is Inhib- 
ited at high powers and fuel flowe (fig. P) by some factor In the 
Impeller design, the effe-ts of which 'tre eliminated ».t reduced 
values of fuel flow. 

Effect of impeller Injection on cylinder temperature. - The 
cylinder temperature chnngee that result from the Improved mixture 
distribution (flfi. 8) are elmllar for the reor epark-plug gaskets 
and the exhaust-valve eeate. The rear spark•plug-gasket tempera- 
ture le of lntereet because it ie a convenient measurement and Is 
used ae a standard; the temperature of the exhaust-valve seat Is 
given because it hae been observed that numerous failures occur In 
this region of the cylinder.  (See fig. 3.) The mixture dletrlbu- 
tione for the standard and the modified engines are given In the 
eanH figure in order to facilitate a comparlecn of the trende. 
Because the cooling-air temperature varied between teste, the 
cylinder-- emperature valuee rireaented In figure 8 have been cor- 
rected by the method described in reference 2 to a cooling-air 
temperature of 70° I'. The cooling charaoterletlcs necessary for 
thle calculation were obtained from reference 3. 

The temperature patterns for the engine uelng the standard 
spray-bar Injection system follow the trend that might be expected 
to reeult from the distribution of fuel-air ratio. Likewise the 
changes in the cyllnder-hond temperatures effected by the Injection 
impeller generally correspond to the changes in fuel-air ratio 
although the two are not always of comparable magnitude. The max- 
imum and the minimum rear epark-plug-3aekot temperatures, as well 
as the temperature spreade, are presented In the following table 
for both Injection eystems: 
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Brake 
horsepower 1200 1500 1700 2000 

Method of 
fuol 
injection 

Stand- 
ard 
spray- 
bar 

Injec- 
tion 
Impel- 
ler 

Stand- 
ard 
spny 
bar 

Injec- 
tion 
impel- 
ler 

Stand- 
ard 
spray 
bar 

Injec- 
tion 
impel- 
ler 

Stand- Injoc- 
>.ird   t Ion 
spray inpel- 
bor   ler 

Temperature, °F 

Maximum 
Minimum 
Spread 

446 
358 
90 

420 
361 
59 

4G0  [ 427 
33P   346 
124    81 

462 
345 
117 

432 
349 
83 

461  I 427 
343   337 
116  j  90 

In order to compire the observed improvement in cylinder tem- 
perature distribution with that expected from the Improvement In 
the mixture distribution, the theoretical change of head-temperature 
pattern (reference 2) was computed from the i'ucl-air-ratio patterns 
for the engine using tho injection impeller and from the temperature 
distribution of the engine using stnndard spray-bar injection as 
follows: 

/ Tu. - T, 

ATh - ATg 

^ 
} 

si •• Tv 
(1) 

whore 

iTv 

ATC 

48i 

change in head temperature with fuol-air ratio, assuming 
conetant cooling-air flow and charge-air flow, °F 

change in combustIon-gas tompernturo with fuol-uir rutio, 
assuming constant carburetor-dock temperature and super- 
charger speed, °F (reference 3) 

cylindor-hoad temporaturo at initial conditions, °F 

ceoling-air temperature, °F 

initial combustion-gas temporaturo, °F 

The theoretical values for the oxhaust-valvo-eoat temperatures at 
1500 brake horsopowor using tho injection impeller are compared in 
figure 9 with tho observed values. Substantial agreement between 
the calculated and the observed valuee of the exhaust-valve-seat 
temperature Is obtained for tho rear-row cylinders but unaccountable 
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discrepancies as great ao 40° F are ehovn in some caees for tho 
front-row cylinders. The actual change in head temperature 13 
usually lean than the value i;ivcn by equation (l). 

Tho Improved mixture distribution obtalnod with impeller injec- 
tion ineures that the toaporaturo of ea^h cy]inder will have nuarly 
tho same response to variations of the engino fuel-air ratio. For 
lean operation with nor.uniform mixture dlstrloution, tho fuel-air 
ratio of individual cylinders nay be richer cr leaner than tho 
chemically correct mixture. When tho ra*::turo Is enriched for tho 
purpose of reducing cylinder temperatures, the temperatures or tho 
cylinders whoee fuel-air rati03 were originally below tho i:hemieally 
correct value will Increase until the fuol-air ratio of theoe cyl- 
inders exceeds the cheirieally correct value.  Initial enrichment, 
therefore, may actually increase the critical -;ylindei* tempora+ureo 
and the enrichment would have to be carried to groat exces.?, with 
a commensurate loan in economy, in order to overcome this difficulty. 
The uniform mixture distribution provided by the injection impeller 
reetores the noi-mal function cf enrichcient cooling and eliminates 
the neco3eity for oxcoseively rich operation. 

Use of NACA injection Impeller for injecting wator. - The NACA 
injection impeller provides a very simplu and effective means of 
injecting water. Water is notered into tho fuel-transfer lino and, 
after the fuel and water pass through tho rotating fuel inducer and 
Into tho distribution nnnulus, they are uniformly distributed to 
the engine. Results of limited tests U3ini-; water injection indicate 
trends similar to those shown in figure 10 where typical temperature 
and mixture distributions with and without water injection are 
compared for teets at 1700 braito horsepower. Tho same rate of fuel 
flow wae aain+ained for 'hfc two tests; the engine fuel-air rn^io 
for the toot3 with water injection wad reduced as a result of the 
increased air consumption required by the addition of wator. The 
reduction in cylinder-head temperatures indicatee that, with the 
po33ible exception of cylindor 1, the distribution of water was 
reasonably uniform. The uniformity of mixture distribution W33 only 
slightly disturbed by the use of water injection. 

Effect of NACA injection impeller on engine operation. - The 
teats conducted with the engine using the injection impeller showed 
improvements in general engine operation and revealed functional 
problems resulting from use of the NACA injection impeller. 
Although the evidence ie of a qualitative nature, it appears that 
the engine starting characteristics were improved by impeller injec- 
tion. The use of impeller injection eliminated the fuol usually 
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present between the carburetor and the impeller. Aa a  result of 
this reduction of combustible mixture in the intake system and tho 
elimination of excessively lean conditions at any cylinder, both 
the frequency of and hazard from backfiring were apparently reduced. 
Because the acceleration Jet discharged near the carburetor cutlet, 
it was necessary, however, to saturate the air between the carbu- 
retor and the impeller cutlet before this fuol could be supplied to 
the engine. Because of this factor and the additional inertia of 
the lengthened fuel passages, the acceleration response of the 
ongine was below normal. Modification of the carburetor to provide 
an accelerating roservoir with doublo the normal volume resulted In 
acceleration characteristics equaling these of tho engine U3irv: tho 
standard spray bar. Becauso of the absence of fuol vapor in tho 
supercharger inlet elbow, the air t&mperaturo at tho inlot of i.ho 
injection impeller was higher than that in the standard installation, 
which should reduce tho probability of icing. 

During the tests, it was noted that high-power operation 
required slightly greater throttle openings with the injection impel- 
ler than with the standard spray-bnr system, which indicates that 
the Injection of fuel near the impeller discharge had a measurable 
effect on the supercharger pressure ratio. At E000 brake horsepower, 
the supercharger pressure ratio was reduced frcn 1.71 to 1.60 when 
impeller Injection was used. Four possible causes of this loss are: 

1. High air temperature at tho impeller inlet resulting from 
absence of fuel vapor 

2. Change of air properties resulting from absence of fuol 
vapor 

3. Change in air density at the Impeller inlot resulting from 
increased air temperature and the absence of fuel vapor 

4. Chango In air-flow pattern at the point cf fuol injection 

An increase in inlet-air temperature and in sonic velocity is accom- 
panied by a reduction in Jfcch number (reference 4) and supercharger 
pressure ratio. This effect may be counteracted by increasing the 
impeller speed until the original Mach number Is attained.  Calcula- 
tions made for an increase In inlet temperature cf 50° F at 
2000 brake horsepower showed that the supercharger pressure ratio 
was reduced from 1.71 to 1.S3, which is of the m. order as the 
reduction experimentally obtained.  The absence of fuel vapor at the 
impeller inlet reduces Cb. value of t e ratio of specific heat*, an 
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effect that may counteract, to a certain extent, the increase in 
sonic velocity accompanying the temperature increase. For a given 
weight of charge-air flow, the pressure ratio may vary because of 
change in load coefficient with the inlet-air density. Because of 
fuel evaporation, the ulr density ut the impeller inlet is increased 
by the temperature reduction and is decreased by the volume cf the 
fuel vapor. Tho. direction of the density change is difficult to 
predict hut the two opposite trondn should insure that the change 
will ho small. This effect will therefore he serious only when the 
supercharger is operating near maximum capacity; in a properly 
matched auper-harger-encine combination this operating condition 
will not occur. It Is possible that premature flow separation from 
the Impeller wall, with a resulting loos in efficiency, might be 
induced by the fuel Jet. The measured magnitude of the resulting 
loss in pressure ratio indicates, however, that the loss is not 
aovere. 

SUMMARY OF RESULTS 

Because the HACA injection impeller attacks the problem of fuel 
distribution in a fundamental manner, some success in all installa- 
tions can be expected. Tho results of the present investigation 
apply, however, only to tho injection impeller installed on a partic- 
ular radial aircraft engine. Observations indicated that the engine 
usirv: the injection impeller had better starting characteristics and 
reduced frequency of backfire than the engine mine the standard 
spray bar. The injection impollor Provides a simple and effective 
means of water injection and, because of the position of tho fuel 
injection, reduces the probability cf ico formation in the induction 
system. The significant results of tho investigation may bo summa- 
rized as follows: 

1. Use of the HACA insertion Impeller markedly improved the 
fuel-air-ratio distribution for all engine pewers and speeds tested. 
Except for rich operation at rated power, the difference between the 
fuel-air ratios of the richest and the leanest cylinders was reduced 
to approximately one-third its value with the standard spray bar. 

2. As a direct result of tho Improved mixture distribution, 
the maximum cylinder temperatures were reduced about 30° F and the 

I 
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tcnperaturo differences between tho hottest and the coldest cyl- 
inders were reduced to two-thirus thoir value vJtli the standard 
spray bar. 

3. Ho severe decrease in »uperch*r^*r pressure rat'o resulted 
froa fuel inject "on near the inferior outlet; a reduction fit* 1.71 
to 1.60 was tho greatest enc-untercd during the tests. 

Aircraft Engine Research Laboratory, 
National Advisory Connlttec for Aeror.a'.vfcicD, 

Cleveland, Ohio, November 14, 1945. 
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